In China, evidence regarding to the association between platelet to lymphocyte ratio (PLR) and glucocorticoid (GC) resistance in participants with primary newly identified immune thrombocytopenia (ITP) is limited. We aimed to investigate whether PLR is independently linked with GC-resistant ITP.
Background
As an autoimmune disorder, the clinical manifestations of immune thrombocytopenia (ITP) are low platelet counts with potentially spontaneous bruising, petechial rash, mucosal bleeding or even life-threatening hemorrhage [1] . Although the current guidelines recommend glucocorticoids (GC) with or without intravenous immunoglobulin (IVIG) as the first-line treatment for ITP, 30% of newly diagnosed ITP patients develop primary GC resistance [2] [3] [4] . In the PubMed database there is a paucity with respect to risk factors of GC resistance in adult newly diagnosed ITP patients in China.
Platelet to lymphocyte ratio (PLR) is the ratio of platelets to lymphocytes. Previous literature reported that PLR is an independent risk factor for poor prognosis in gastrointestinal tract, advanced cancer, and female reproductive system tumor [5] [6] [7] [8] .
Other studies reported that PLR is associated with the incidence of sudden sensorineural hearing loss [9] , mood disorders [10] , and cardiovascular events [11, 12] . To our knowledge, however, there is limited literature study on the relationship between PLR and steroid resistance in Chinese patients with newly diagnosed ITP. Given a series of studies have reported that the platelet count and lymphocytes at baseline are closely related to the clinical features and clinical outcomes of ITP [13] [14] [15] . Therefore, we speculate that PLR might be an independent risk factor for GC resistance in newly diagnosed ITP patients.
In this present work, our goal was to explore the correlation between PLR and GC resistance in newly identified ITP.
Material and Materials Study design
This research is a historical cohort study. The exposure variable is PLR obtained at diagnosis. The outcome variable is GC resistance (dichotomous variable, 1=no response to GC; 0=response).
Data source
We non-selectively and consecutively collected data from all participants with newly identified ITP in the People's Hospital of Guizhou Province, Guiyang City, China. Data were anonymous and compiled from electronic medical records of hospital. We did not sign the patient consent form because of the nature of historical cohort study, but the hospital institutional review board have approved this study.
Study cohort
A total of 437 patients were included in this cohort. Cohort entry was the date of the first PLR value any time from March 2013 to June 2017. The diagnosis of ITP patients is mainly based on a Chinese expert consensus (version 2012 [16] and 2016). Inclusion criteria was as follows: 1) ITP identified within the past 3 months; 2) non-myelofibrosis or other thrombocytopenic diseases; and 3) without spleen enlargement. Exclusion criteria was as follows: 1) ITP secondary to other diseases; 2) drug-induced thrombocytopenia; 3) participants who were identified as hepatitis B virus, hepatitis C virus or human immunodeficiency virus (HIV) burden; 4) the participants who were pregnant; 5) severe dysfunction of the heart, kidneys, liver, or lungs; 6) received treatment of immunosuppressant within the past 3 months; and 7) received IVIG therapy.
Variables
We collected PLR values at baseline and recorded values as an untransformed continuous variable. Venous blood (2 mL) specimens were collected from patients and then tested by the center laboratory of our institution (automatic hematology analyzer, BM830, Bao Ling Man Sunshine Technology Co., Ltd., China). The reference range of platelet count and absolute lymphocyte count in our institution was accepted as 100 to 300×10 9 /L and 1.1 to 3.2×10 9 /L, respectively.
According to published guideline [16] , we defined the final outcome variable as response+complete remission (CR) (Y=0) and no response to GC (Y=1). It was noted that determining no response must meet the following conditions: platelet count should be tested at least twice, and interval could not be less than 1 day. Complete remission (CR) was defined as platelet count above 100×10 9 /L and absence of bleeding after a circle of first-line treatment. Response (R) was defined as platelet count above 30×10 9 /L and at least 2-fold increase of the baseline platelet count and absence of bleeding [4, 16] . No response (NR) was defined as platelet count below 30×10 9 /L or 2-fold increase of the baseline platelet count or bleeding.
Covariates involved in this present work can be summarized as demographic data, general information, our prior work, previous literature, and clinical experiences [17] [18] [19] [20] . Therefore, the following variables were used to construct the fully-adjusted model: sex, age, height, weight, smoking status, drink habits, Helicobacter pylori burden, comorbidities (type 2 diabetes, cardiovascular disease, hyperuricemia), mean platelet volume (MPV), bleeding symptoms (skin, mucosa, organ), first-line treatment strategy (oral prednisone, high-dose dexamethasone) and mean platelet distribution (MPD) at diagnosis.
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First-line treatment strategies
In this study, first-line treatment included oral prednisone, high-dose dexamethasone with or without intravenous immunoglobulin. According to the Chinese expert consensus [16] , first-line treatment selection for newly identified ITP participants was based on their platelet count at diagnosis and severity of bleeding symptoms. 1) High-dose dexamethasone: 40 mg/day, orally, days 1-4 and days 15-18. Monitoring patient's blood pressure and blood glucose during treatment. Simultaneously took proton pump inhibitors to protect gastric mucosa. 2) Oral prednisone: starting dose at 1 mg/kg/day, orally, quickly reduced to the maintenance dose (15 mg/day) after remission, until drug withdrawal.
Statistical analysis and sensitivity analysis
We first observed the distribution of baseline data of participants in different PLR groups (tertile, low, middle, high).
We presented continuous variables as mean ± standard deviation (Gaussian distribution) or median (quartile) (skewed distribution). Categorical variables were presented as in percentage. c 2 (categorical variables), One-way ANOVA (normal distribution), or Kruskal-Wallis H (skewed distribution) were employed to test for the differences of baseline data among different PLR groups.
To correctly evaluate the independent association of PLR and GC resistance, we analyzed data according to following principles: 1) the relationship between PLR and GC resistance is linear or nonlinear; 2) confounders controlling and effect modifier clarifying; and 3) the independent effect between PLR and GC resistance. Therefore, univariate and multivariate binary logistic regression model were employed (unadjusted model, model adjusted for demographics and fully adjusted model). Besides, the subgroup analyses were performed using stratified binary logistic regression models. Tests for effect modification by subgroup used interaction terms between subgroup indicators, followed by the likelihood ration test.
Sensitivity analyses were listed as follows. 1) We converted the PLR into a categorical variable according to tertile. The purpose was to verify the results of PLR as a continuous variable and further observe the nonlinear trend. 2) Propensity score matching was used to compensate for differences in baseline characteristics. The specific parameter setting, method and matching balance test of PS matching are shown in Supplementary Tables 1 and 2, and Figure 1 . Unlike non-randomized comparative effectiveness researches using exposure variables (whether treated) to calculate propensity scores for the purpose of post-randomization, this study still used the outcome variable (GC-resistance) for computational propensity score, our purpose was mainly to verify whether the results of the fully adjusted model are robust. 3) As a linear model, binary logistic regression was underpowered to address nonlinearity. Therefore, a generalized additive model was employed in our study. The further explanation of nonlinearity was performed by 2-piecewise logistic regression model. We firstly calculated the inflection point using a recursion algorithm, and then evaluated OR on both side of inflection point by 2-piecewise model.
The statistical software is packages R (http://www.R-project.org, The R Foundation) and EmpowerStats (http://www.empowerstats.com, X&Y Solutions, Inc., Boston, MA, USA). P values less than 0.05 (2-sided) were considered as statistical difference.
Results
The selection of patients After screening by inclusion and exclusion criteria, a total of 253 participants were excluded due to non-newly diagnosed ITP and IVIG user. Within the remaining 184 participants, 9 cases were seropositive for viral infection, 13 cases were identified as secondary ITP, 4 cases were pregnant, and 4 cases had severe dysfunction of major organs; 154 patients were used for data analysis.
Baseline characteristics of participants
The baseline characteristics of patients were listed in Table 1 . The average age of the entire cohort was 41.5±19.4 years, and 64.9% (100 out of 154 patients) were female. Among the 154 selected participants, 14 did not respond to glucocorticoid (14 out of 154 patients 9.09%). According to tertile of PLR, the statistical differences were not detected in all variables except smoking status, high dose dexamethasone, and oral prednisone (P values were 0.003, 0.004, and 0.004, respectively). 
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Compared with low PLR group, fewer current smokers were observed in middle PLR (T2) group and high PLR (T3) group.
Multivariate analysis
To evaluate the linear relationship between PLR and GCresistance, and the robustness of our results, we simultaneously showed unadjusted, minimally adjusted and fully adjusted models. They were listed in Table 2 . In the crude model, odds ratio (OR) was 0.93, and the range of 95% confidence interval (CI) was 0.85 to 1.02. It could be interpreted that a unit increase of PLR was associated with the 7% reduction of risk of GC-resistance. When we adjusted all covariates, which are presented in Table 1 ; the OR was 0.89 (95%CI 0.80 to 0.98). This meant that for every 1 unit increase in PLR, the risk of GC resistance was reduced by 11%. We also used the propensity score matching model to evaluate the relationship between PLR and GC resistance. Although the OR magnitude of the PS matching model was slightly different from the fully adjusted model, the OR values were in the same direction (OR=0.74, 95%CI: 0.57 to 0.96). By observing the trend of OR values in different models, we found that although the magnitude of the OR and the range of CIs were slightly different, their direction and range suggested that PLR was a protective factor for GC-resistance. This finding was robustness.
In order to verify our findings further and observe the possibility of nonlinearity, we also converted PLR into a categorical variable (by tertile). We observed the potential nonlinear relationships in both of the crude model and fully adjusted model ( Table 2 ). In these 2 models, the change of OR value in different level of PLR (T1 to T3) was non-equidistant. Therefore, we used 2-piecewise regression models to further analyze the curve relationship.
The nonlinearity of PLR and GC resistance addressing
In the present work, the non-linear relationship between PLR and risk of GC-resistance was observed (after adjusting for covariates present in Table 1 ) by generalized additive model. Therefore, we firstly used recursion algorithm to calculate the inflection point of curve (Figure 2) . The value calculated for the inflection point of curve was 5.08. Using 2-piecewise linear regression model, we divided the curve according to the inflection point, and established the binary logistic regression model on the left and right of the inflection point, and then calculated the OR and CIs respectively ( Table 3 ). On the left of the inflection point (PLR <5.08), the OR was 3.14 and the range of 95%CI was 0.81 to 12.21. This meant that at the left of the inflection point (<5.08), the increase in PLR was not associated with GC resistance. On the right of the inflection point, however, the OR was 0.81, and the range of 95%CI was 0.69 to 0.95. The result showed that PLR was negatively associated with GC resistance in patients with primary newly diagnosed ITP unless PLR exceeded 5.08. When the PLR was greater than 5.08, the risk of glucocorticoid resistance was decreased by 19% for every 1 of PLR increase (threshold effect).
The results of subgroup analyses
We listed results of subgroup analysis in Table 4 . Subgroup analysis showed that the association of PLR with glucocorticoid resistance remained stable in different subgroups when grouped by gender, smoking status, alcohol consumption, H. pylori infection, diabetes history, hyperuricemia, and clinical 7326 Table 4 continued. Results of subgroup analysis and interaction analysis.
The model was adjusted for age, sex, weight, height, smoking status, alcohol consumption, HP infection, diabetes history, hyperuricemia, cardiovascular diseases, MPV, bleeding in skin, bleeding in mucosa, bleeding in organ, treatment protocol (highdose dexamethasone, oral prednisone, IVIG), MPD. In each case, the model was not adjusted for the stratification variable. Following variables excluded because of <20 obs. in a category: Diabetes history and bleeding in organ. OR -odds ratio; CI -confidence interval; HP -Helicobacter pylori; MPV -mean platelet volume; IVIG -intravenous immunoglobulin; MPD -mean platelet distribution. bleeding symptoms. All values of P for interaction were larger than 0.05. Therefore, at least in this study, we did not find that the aforementioned variables can modify the relationship between PLR and GC resistance.
Discussion
In this historical cohort study, 154 patients with newly identified ITP were involved. PLR measured at baseline was negatively associated with the risk of GC resistance after adjusting for covariate by multivariate logistic regression. Furthermore, smooth curve fitting by GAM model and piecewise linear fitting (by 2-piecewise logistic regression) found a threshold effect on the relationship between PLR and glucocorticoid resistance. The inflection point was 5.08. On the left side of the inflection point (£5.08), the link of PLR and glucocorticoid resistance was not observed. But on the right side of the inflection point (³5.08), for every additional unit of PLR, the risk of glucocorticoid resistance decreased by 19%.
Although the treatment of ITP has made great progress (such as rituximab and thrombopoietin receptor agonists), glucocorticoids remain the first line of treatment for ITP [21] . The second-line drugs recommended in the guidelines include: splenectomy, recombinant human thrombopoietin (rhTPO), eltrombopag, azathioprine, rituximab, and other drugs (cyclosporine, danazol, and vinblastine) [16] . Compared with second-line treatments, GC have the durable side effects and inexpensive price [16, [22] [23] [24] [25] [26] . Perhaps this is why hematologists were less enthusiastic about the clinical marker discovery of hormone resistance in ITP patients. However, the annual incidence of adult ITP is 5 to 10/10 million [4, [16] [17] [18] , and the incidence of GCs resistance in these patients is 30%. For China's huge population base, therefore, steroid resistance is a problem that cannot be ignored due to side effects caused by GC therapy (e.g., Cushing features, osteoporosis, and other toxicities) [21] . If we can effectively predict the possible steroid resistance, it will help to improve treatment efficiency, reduce the incidence of treatment-related adverse events, and reduce the cost of treatment.
To the best of our knowledge, this is first time to report that PLR is a protective factors for GC resistance in patients with newly diagnosed ITP. Previous research has reported initial platelet count, lymphocyte count is associated with ITP progression and outcome. Ahmed et al. reported that low baseline lymphocyte count was associated with no response to GC therapy [27] . Similar findings were also reported by Nagata et al. [28] . Additionally, 2 observational studies in children have referred to the association of platelets with ITP, but the results were inconsistent. One of the studies found that persistent ITP had a significantly lower initial platelet count compared with newly diagnosed ITP [29] ; another study concluded that initial platelet count was not associated with GC resistance [30] . Therefore, in view of the aforementioned evidence, we used the ratio of the 2 to observe their association with GC resistance. It might be more efficient to either the individual platelet or the lymphocyte counts which is related to GC resistance. In fact, the result we obtained was consistent with previous studies.
Interestingly, we also find the threshold effect between PLR and GC resistance and calculated inflection point. In biomedical research, the association between 2 factors is often nonlinear. Most of these nonlinear correlations appear to be that the association can only be observed within a certain range (threshold effect). In our work, we found the negative association between PLR and GC resistance can only be observed when PLR was larger than 5.08. It was noted that the inflection point in our study was not equivalent to the cut point calculated by the receiver operating characteristic (ROS) curve. The latter was used to distinguish whether or not this event occurs, and the inflection point obtained in this study means that only within a certain range, the negative correlation between PLR and GC resistance can be observed.
Our present work had a number of strengths. Firstly, we handled exposure variable (PLR) as both a continuous variable and a categorical variable, and calculated the effect sizes (OR) through binary logistic regression models. Such an approach can reduce the contingency in the data analysis, enhance the robustness of results, and the trend of OR values of the categorical variable were helpful to observe the non-linear relationship. Secondly, the employed additive model (GAM) is powerful to address the nonlinearity [31] . Thirdly, this research is an observational study; it was inevitably to have potential confounders. Therefore, the use of strict statistical adjustment was helpful to minimize residual confounders. Fourthly, the subgroup analysis made the use of data better and yielded stable conclusion in different subgroups in this study. Finally, in consideration of baseline differences in clinical characteristics between the PLR groups, PS matching analyses were used and further confirmed our initial findings.
There were several limitations to consider in this study. Firstly, we included only those patients who have no history of hepatitis B. This limited the generalizability of our results to individuals with hepatitis B infection. Secondly, we also restricted our study population to exclude pregnant women, which means that our findings were not necessarily applicable to patients in pregnancy. Thirdly, although we performed PS matching to balance baseline differences, it was possible that other confounders were not accounted for in the analyses. Fourthly, since this study was not included in patients receiving IVIG therapy, therefore, our findings cannot be applied to patients who are receiving IVIG therapy. Finally, the present work mainly aimed to clarify the independent association between PLR and GC resistance. Therefore, we did not evaluate the predictive value of PLR. The center of our future work will focus on the establishment of predictive models and incorporate PLR as a potential predictor into the equation.
Conclusions
The association between PLR and GC resistance was non-linear. A threshold effect was observed between the 2 with an inflection point of 5.08. When the PLR was greater than 5.08, the elevation of 1 unit of PLR was associated with 19% reduction of risk of GC resistance. GC -glucocorticoid; PLR -platelet to lymphocyte ratio; SD -standard deviation; HP -Helicobacter pylori.
